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Claim 

A manufacturing method of whiskers, characterized by the 
fact that at a temperature higher than the boiling point of the 
solvent, a polymer solution maintained in the liquid phase is 
ejected into a high-speed gas flow while ultrasonic waves are 
applied on the solution. 

Detailed explanation of the invention 


This invention pertains to a manufacturing method of 
whiskers by the flash-spinning of a polymer solution. 


3 

The conventional methods of manufacturing fibers from a 
polymer solution include the method in which the solution is 
ejected from a nozzle at a high temperature and high pressure, 
and a method in which the polymer solution is ejected into a 
high-speed gas flow. 

In these conventional methods, as the polymer solution is 
ejected from a fine nozzle, clogging may occur inside the nozzle. 
This problem is particularly serious for a highly concentrated 
polymer solution or when insoluble fine particles are contained. 
This leads to serious problems with respect to the operation 
stability, and a decrease in productivity. 

Also, in the process of fiber formation, the number and size 
of the gas bubbles generated are naturally important factors for 
the growth process. In the conventional technology, however, no 
control is made on the generation of gas bubbles. Consequently, 
the whiskers manufactured in this case have their sizes 
significantly dispersed, and the high degree of nonunif ormity is 
a disadvantage. 

The purpose of this invention is to solve the problems of 
the aforementioned conventional scheme by providing a 
manufacturing method of whiskers, characterized by the fact that 
at a temperature higher than the boiling point of the solvent, a 
polymer solution maintained in the liquid phase is ejected into a 
high-speed gas flow while ultrasonic waves are applied on the 
solution. 

According to this invention, due to the lubricating effect 
of the ultrasonic waves, the spinning operation becomes stable, 
free of clogging in the nozzle portion and with an increased 
ejection rate. Also, due to the negative pressure generated near 


the ejection nozzle, numerous gas bubble nuclei with a uniform 
size are generated. They contribute to breaking and fiber 
formation in the flash-spinning operation, so that whiskers with 
a fine size and high uniformity can be manufactured. The 
obtained whiskers can be used to manufacture synthetic pulp, as 
well as nonwoven fabrics, filtering materials, etc. 

In the following, this invention will be explained in more 
detail. 

Ultrasonic waves 

As a result, the definition and frequency range of the 
ultrasonic waves are not clear, but it is usually taken to 
consist of longitudinal waves having a frequency over about 2 0 
kHz. The ultrasonic waves referred to in this case are not 
limited to 20 kHz or higher. The frequency may also be variable. 
Any ultrasonic waves that can generate a negative pressure state 
and form gas bubble particles can thus be used. 

Figure 1 is a diagram illustrating an example of the case in 
which ultrasonic waves are applied on a polymer solution. In the 
configuration shown in Figure 1, a polymer solution passes 
through horn (1) , which transmits the ultrasonic wave vibration, 
and through liquid nozzle (2). It is then ejected into a 
high-speed gas flow inside a gas nozzle (3) , and further ejected 
from said gas nozzle (3) to the outside. A strong longitudinal 
wave is applied on the polymer solution on the [illegible ] 
surface of said horn (1) , so that a negative pressure state is 
generated. On the other hand, the ultrasonic waves are 
transmitted through the polymer solution to nozzle (2) , so that 
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nozzle ( 2 ) itself ^vibrat es . Consequently , the polymer substance 
and insoluble particles, which would otherwise be attached near 
the outlet of the nozzle, can be removed. Consequently, a stable 
operation state can be maintained, and the productivity can be 
boosted. 

Due to the ultrasonic waves, a negative pressure state is 
generated with regard to the polymer solution near the outlet of 
nozzle (2) . Consequently , numerous gas bubble nuclei with a 
uniform size are formed, and whiskers with a fine and uniform 
size are manufactured. In the flash-spinning, the number, size, 
and growth process of the gas bubbles are important factors. 
According to this invention, as ultrasonic waves are applied on 
the polymer solution, it is possible to prevent clogging of the 
inside of the nozzle, and the ejected polymer solution contains 
numerous gas bubble nuclei due to the negative pressure state 
induced by the ultrasonic waves. In this way, the gas bubbles 
contribute to gasification [of the polymer] immediately after 
ejection, separating [it] into fine pieces by the high-speed gas 
flow, and orientation of the separated pieces. Consequently, it 
is possible to form whiskers with a fine and uniform size. 

As pointed out in the above, the frequency of the ultrasonic 
waves applied is not limited to higher than 20 kHz. The power 
level with respect to 1 kg of the polymer substance each hour 
should be 1 W or higher, preferably 20-50 W. 

The application method of the ultrasonic waves is not 
limited to the method illustrated in Figure 1. The horn itself 
may be a portion of the nozzle, or the polymer solution may be 
ejected through a slit formed between the horn and the nozzle. 
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Any type of ultrasonic wave generator that can apply 
ultrasonic waves on the polymer solution may be used. Figure 2 
is a schematic diagram illustrating an example in which a 
magnetostrictive vibrator (4) made of nickel is connected to horn 
(l'>. 

Polymer and solvent 

Any type of polymer that can form fibers may be used in this 
invention. Examples include polyolefins, polyesters , polyamides, 
polycarbonates, and polystyrene, as well as copolymers mainly 
made of them. Among such substances, polyethylene and 
polypropylene with a high crystallinity and high density are 
preferred. 

The solvents of these polymers should have boiling points 
(under ambient pressure) lower than the melting point or 
softening point of the polymer. It is preferred that the solvent 
display a low solubility for the polymer at a temperature lower 
than the boiling point [of the solvent]. Also, the solvents may 
be used either alone or as a mixture of several types. For 
example, the following mixtures of solvents may be used: 5:5 of 
cyclohexane:hexane and 3:2 [not clearly legible] of hexane and 
pentane for polyethylene; [5:5] of ethanol:water for polyamides; 
and 5:5 of hexane : pentane for polystyrene. 

The temperature of the polymer solution should be over 20 °C, 
preferably over 60°C, higher than the boiling point of the 
solvent. When the temperature of the solvent is low, foaming 
near the nozzle becomes insufficient, and thick fibers may be 
formed. On the other hand, if the temperature of the solution is 
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too high, growth of the gas bubbles becomes too rapid, and the 
gas bubbles burst before the fibers are formed. Consequently, 
film-like fibers may be formed. 

The concentration of the polymer solution may be up to 50%. 
Since the ejection state is very stable, no clogging occurs 
inside the nozzle. This cannot be realized in the conventional 
technology. Also, when synthetic pulp is to be manufactured, the 
concentration of the polymer solution is preferably 0.2-25%. If 
the concentration is lower than 0.2%, fibers can be formed, but 
the formed fibers are too short, or even in powder form. Also, 
since as a larger amount of solvent is needed. in this case, it is 
unfavorable for industrial production. When the concentration is 
over 25%, the fibers become too thick, and it is impossible to 
produce a uniform sheet. 

High-speed gas flow 

Roles of the high-speed gas flow include the formation and 
cutting of fibers, evaporation of solvent, and stretching effect. 
The high-speed gas flow may be formed from an inert gas. 
However, steam is preferred since it has a high latent heat, and 
is effective in recovering the polymer substance. Also, it is 
preferred that the speed of the high-speed gas flow be 300 m/sec 
and [its temperature] be lower than the softening point of the 
polymer substance. 
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Fibers 

The fibers obtained using the method of this invention are 
whiskers with a length of 0.3-20 mm and size of 0.5-30 /xm. They 
have nonuniform cross sections, and may be branched. 
Consequently, they have a high water retention level and are 
preferably used for blending with natural pulp. Compared with 
the fibers formed when no ultrasonic waves are applied, the 
whiskers of this invention have a smaller size and narrower size 
distribution. 

In the following, this invention will be explained in more 
detail with reference to application examples and comparative 
examples. 

Application Example 1 

A 10% solution of high-density polyethylene (with a melt 
index of 5) in cyclohexane (160°C, 20 kg/cm 2 ) was ejected from a 
nozzle (with an inner diameter of 1 mm) into a steam flow at a 
speed of 400 m/sec, while ultrasonic waves at 30 W and a 
frequency of 2 0 kHz corresponding to 1 kg of high-density 
polyethylene in 1 h were applied from a horn attached to a UE-3 00 
ultrasonic wave generator manufactured by Ultrasonic Wave 
Industry Co., Ltd. set on the inner site at a distance of 10 mm 
from the outlet of the nozzle. As a result, whiskers with a 
fiber length of 0.5-5 mm (with an average length of 1.5 mm) and 
fiber size of 8-19 /xm (with an average size of 13 /im) were formed 
with a high stability. 
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The whiskers formed were processed by a refiner and, with a 
ratio of 1:1 by weight, they were blended with the natural pulp 
for manufacturing paper with a high uniformity. 

Comparative Example 1 

Ejection was performed into a steam flow in the same way as 
in Application Example 1, except that no ultrasonic waves were 
applied on the solution. The whiskers formed in this case had a 
length of 1-3 0 mm (with an average length of 3 mm) and size of 
12-40 urn (with an average size of 20 jzm) . 

A pplication Example 2 

Ejection was performed into a steam flow in the same way as 
in Application Example 1, except that the ultrasonic waves 
applied had a power of 15 W and a frequency of 5 kHz 
corresponding to 1 kg of high-density polyethylene in 1 h. The 
whiskers formed with a high stability in this case had a length 
of 0.8-20 mm (with an average length of 2.5 mm) and size of 
10-33 jum (with an average size of 15 /xm) . 

Application Example 3 

A 24% solution of high-density polyethylene (with a melt 
index of 5) in normal hexane (165°C, 20 kg/cm 2 ) was ejected into 
a steam flow at 400 m/sec in the same equipment as in Application 
Example 1, with the ultrasonic waves applied having a power of 
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25 W and a frequency of 15 kHz corresponding to 1 kg of 
high-density polyethylene in 1 h. The whiskers formed with a 
high stability in this case had a length of 1-35 mm (with an 
average length of 4 mm) and size of 15-40 /im (with an average 
size of 22 jiim) • 

Comparative Example 2 

An ejection operation was performed into a steam flow in the 
same way as in Application Example 3, except that no ultrasonic 
waves were applied. It was found that the nozzle was clogged, 
and flash-spinning could not be realized. 

Application Example 4 

A 45% solution of high-density polyethylene (with a melt 
index of 5) in an 8:2 mixture of normal hexane and normal pentane 
(160°C, 20 kg/cm 2 ) was ejected into a steam flow at 400 m/sec 
with ultrasonic waves applied under the same conditions as in 
Application Example 1. The whiskers formed with a high stability 
in this case had a length of 1-35 mm (with an average length of 
4 mm) and size of 20-42 /m (with an average size of 3 0 fim) . 

Application Example 5 

A 10% solution of high-density polyethylene (with a melt 
index of 5) in normal hexane (160°C, 20 kg/cm 2 ) was ejected into 
a nitrogen gas flow at 450 m/sec and at 150 °C on the same 


11 


equipment as in Application Example 1, with the ultrasonic waves 
applied having a power of 30 W and a frequency of 20 kHz 
corresponding to 1 kg of high-density polyethylene in 1 h. The 
whiskers formed with a high stability in this case had a length 
of 3-50 mm (with an average length of 10 mm) and size of 6-17 
(with an average size of 10 /xm) . 

Application Example 6 

A 4% solution of isotactic polypropylene (with a melt index 
of 0.5) in cyclohexane (180°C, 12 kg/cm 2 ) was ejected into a 
steam flow at 400 m/sec on the same equipment as in Application 
Example 1, with the ultrasonic waves applied having a power of 
30 W and a frequency of 20 kHz corresponding to 1 kg of the 
isotactic polypropylene in 1 h. The whiskers formed with a high 
stability in this case had a length of 0-2-8 mm (with an average 
length of 1 mm) and size of 12-36 im (with an average size of 
20 /ra) . 

Application Example 7 

A 10% solution of high-density polyethylene (with a melt 
index of 5) containing 40% of aluminum hydroxide (in a gibbsite 
structure) particles with an average particle size of 8 fira in 
normal hexane (165 °C, 20 kg/cm 2 ) was ejected into a steam flow at 
450 m/sec on the same equipment as in Application Example l,.with 
the ultrasonic waves applied having a power of 30 W and a 
frequency of 20 kHz corresponding to 1 kg of the high-density 
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polyethylene in 1 h. The whiskers formed with a high stability 
in this case had a length of 1.5-14 mm (with an average length of 
5 mm) and size of 7-22 /m (with an average size of 13 /xm) . 

Comparative Example 3 

Ejection was performed into a steam flow under the same 
conditions as in Application Example 7, except that no ultrasonic 
waves were applied. It was found that the nozzle was clogged 
3 sec after the start of the ejection operation, and ejection no 
longer could take place. 

Brief explanation of the figures 

Figure 1 is a longitudinal cross-sectional view of the 
liquid nozzle and gas nozzle on its outside arranged inside an 
ultrasonic-wave generating horn used in this invention. Figure 2 
is a schematic diagram illustrating the ultrasonic wave generator 
that can be used in this invention. 
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Figure 2 
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